Critical Role of GGT in Agrin-Induced acids) had no effect on MuSK binding to ␣ G/F , suggesting AChR Clustering that this region was not required for interaction. Deletion GGTI286 is a CAAX-mimetic peptide that specifically of the middle 30 amino acids in the juxtamembrane inhibits geranylgeranylation (with an IC 50 value of 2 M) including Y556, a tyrosine implicated in Agrin signaling (Lerner et al., 1995 Figure 1E ). In reciprocal exby Agrin, may not be required for AChR clustering. periments, MuSK coprecipitated with ␣ G/F , and the As a complementary approach, we suppressed examount of MuSK that interacts with ␣ G/F is estimated to pression of endogenous GGT by using a DNA-based be 30%. The interaction, however, did not appear to be siRNA strategy (Sui et al., 2002). To selectively inhibit regulated by Agrin ( Figure 1F) . At the subcellular level, GGT but not FT expression, we constructed BS/U6/␤ G , ␣ G/F displayed a strikingly similar pattern of expression a DNA plasmid that directs expression of duplex siRNAs relative to the AChR labeled by rhodamine-conjugated for ␤ G , a distinct subunit of GGT (see Experimental Pro-␣-bungarotoxin (R-BTX) ( Figure 1G ). The ␣ G/F staining in cedures). The effect of BS/U6/␤ G on the expression of the muscle was specific in that it was diminished by ␤ G was studied in C2C12 myoblasts that were cotranspreabsorbing the antibody with a blocking peptide, the fected with HA-tagged ␤ G . There was no apparent abnorimmunogen used to generate the antibody ( Figure 1G) . mality in differentiation of myoblasts transfected with These results suggest that ␣ G/F is enriched at the NMJ. BS/U6/␤ G or the empty vector BS/U6. As shown in Figure  2H , there was a decrease in HA-␤ G in cells expressing BS/U6/␤ G . The inhibitory effect was specific because Agrin Increases Tyrosine Phosphorylation BS/U6/␤ G had no effect on expression of a nonspecific and Activity of GGT protein or cotransfected GFP, MuSK, Rapsyn, or JNK To test whether MuSK activation leads to ␣ G/F tyrosine ( Figure 2H ). Remarkably, Agrin-induced AChR clustering phosphorylation, ␣ G/F was purified from Agrin-stimulated was inhibited by 67% in myotubes transfected with BS/ C2C12 myotubes by immunoprecipitation and examined U6/␤ G (GFP positive) ( Figure 2I ). These results, together for tyrosine phosphorylation. ␣ G/F became tyrosine phoswith those using GGTI286, show that GGT activity is phorylated in a time-dependent manner, which peaked required for Agrin-induced AChR clustering. around 10 min and maintained for 60 min (Figure 2A ). The increase in tyrosine phosphorylation of ␣ G/F was not observed in MuSK Ϫ/Ϫ muscle cells ( Figure 2B ), sugInhibition of Rho GTPase Activation by Inhibiting GGT gesting its dependence on MuSK kinase activity. The time course of ␣ G/F phosphorylation appeared to lag beSince the increase in AChR clusters by Agrin becomes significant hours after Agrin stimulation, the requirement hind that of MuSK, suggesting that it is a downstream event (Figures 2A and 3D) . We next investigated whether of GGT demonstrated by experiments using GGTI286 and ␤ G siRNA may not necessarily indicate that GGT Agrin regulates GGT activity in muscle cells. In response to Agrin, GGT activity in C2C12 myotubes increased is a signaling molecule. To address this question, we determined whether brief inhibition of GGT attenuates within 5 min and peaked at 30 min ( Figure 2C Figures 7A and 7B) .
to Agrin stimulation, suggesting that GGT is necessary for induced AChR clustering. Third, K164A, a mutant These results were not unexpected since little K164A was detected in E14.5 muscle ( Figure 6D ). In P0 K164A impaired in GGT activity that is still able to interact with MuSK, inhibits specifically Agrin-induced activation of transgenic mice, however, the endplate band width was wider, and AChR clusters were smaller (Figures 7C-7E) .
Rho GTPases and AChR clusters and attenuates the formation of neuromuscular synapses in spinal neuronAChR cluster defects were not limited to the diaphragm. In P30 sternomastoid muscles, AChR clusters form permuscle cocultures. Last, transgenic mice expressing K164A demonstrate neuromuscular defects. These reforated "pretzel-like" plaques in muscles (Marques et al., 2000) ( Figure 7F ). However, AChR plaques decreased in sults reveal an important role of GGT in AChR clustering and the NMJ formation and/or maintenance. complexity with smaller perforations and bifurcations in K164A mutant mice ( Figure 7G) . As in diaphragms, AChR plaques in mutant sternomastoid muscles were signifiPrenylation and Synapse Formation Association of cytoplasmic signaling molecules with cantly smaller in both size and area than wild-type littermates ( Figure 7H) . Moreover, some nerve branches plasma membranes is an important mechanism in medi- 
